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bulletins and the like publications, seemingly the most 
satisfactory basis of classification is that of geogrct hic 
ori in, according to which two main groups sugce, 
“&opical” and “Estratropical.” 

Tropical cyclones of orenter or less int.eiisity possess 
characteristics which dihrentiate them, in a nie~sure, 
from cyclones of estriitropical origin I;nving approsi- 
plntely equal int,ensities, yet tlie essentiiils o€ both groups 
are raotiocdly the same. 

~Puj.ricanr; T!ypliooii,.--s ecinl t#ernu 1int.e heen em- 
ployed to clesigiiitttt t ropicJ  cyclones in v:wious )arts of 

destructive int.ensity. The word “cycloiie ” was first 
a plied to violent disturbances of cyclonic character in 
t % e Bay of Bengal; hut to n similar clisturbnnc.e origiuat- 
jng 1,000 to 2,000 miles to the enstwird, ns in the Cliinn 
Sea or the region of tbe Philippines, tho nimie ‘ ’ typhoon ” 
is frequently n ,plied. In the tropionl sei19 to t,he soutli- 

“hurricmie” is applicd, and this dist8urbnnce is given 
the additional qualifying words “West Indian,” evi- 
dently to iiidioate its location or place of origin. 

In  Weather Bureau usage, therefore, the name “West 
Indian Hurricane ” is specificnlly applied to f ully-devel- 
oped tropical cj-clones wliicli originate and eshibit cle- 
struct.ire vio1ei:c.e in tlie West Iiiilies or adjaceiit regions. 
A West Indian hurricane can cause gen t  danisge because 
of wind effects, because of great volunies of. precipita- 
tion, by u i i u s d  tidal conditions, or by comhn~ations of 
these a id  ot.her accompanying charackeristics. The word 
“hurricane ” is also used in other combinations, and then 
has a different signification. For esaiiiple “ hiirricztiie” 
is the highest force on the Beaufort wiiiil scitle. Winds 
of “ huiTicaiie force” are considered to have actual velocit 
of 75 miles per haul. or niore, and winds attaiiiiiig suc i 
speed are said to blow with hurricniie force, irrespective 
of eogaphic locnlit or whether the winds are associated 
wit, i n cyclone of 1 est Indian ori in. 

Tropical c clones of the West Inc ies, as well as of other 

icd regions. The uestloii may then be asked, ”How 

typhoon be classed after it has passed into estrntropical 
latitudes” P Tropicti1 cyclones change in iniportaiit 
particulnrs when they 1c.are the warin, huiiiid eciu:ttorid 
regions and c,oiiie under the influence of conditions 
prevailing in the Temperate Zone. Such changes, how- 
ever, take place gadunlly, and t~ tropical cyclone may 
show great intensity el-en several degrees iiorth of the 
Tropic of Cancer, especial1 when traveling over water. 

however, they show mnrked signs of waning intensity and 
soon heconie iiidistiiiguishnble froin cyclones of nc.tual 
estratropical origin. 

In  a bulletin issued by the Renther Bureau, entitled 
“The West Inclinn Hurricnne of August 13-23, 1915,” 
the track of that great storm is shown from its first 
appearance in the vicinity of Martinique to ita practical 
dissipation in the Gulf of St. Lawrence.’ While 111 a con- 
nection of this character the term “West Indian hurri- 
cane” niay be appropriately nppliecl to this gen t  storm 
at any point of its course, nevertheless to do so.does not 
in that case necessarily imply that at  every point of its 

Simi- 
fmly, throughout its course the storm rnny 
desi nltted a ‘‘tropical cyclone,” as the o servations 

the world, espeoially when fully developed nnd es I libiting 

eastward of b 1 ie North Aniericnii Coiitinent tbe iianie 

r 
? f vy 

portions of t T ie Tropics, occasionally pitsa into estratrop 

shall a tropicd cyc 9 one or a West Indian hurricane or a 

Whde moving inland oyer t 7 ie North Aniericnii Continent 

ath the storm exliihited cbshructive violence. 

%Oper1: be 
avai 7 able show its tropical origin. I n  the absence of 

1 ALW on ehsrt urn4 of the present issue of t i i s  issue 01 the  REVIEW^. A., jr. 

such knowledge the same storm in temperate latitude$ 
would be named an “extratropical cyclone.” 

Tor1z’w7o.-This nrz111e is npplied to certain s torm of 
well-known characteristics. While the? occur in con- 
nection with certain cyclonic. sys tenis and esliibit rent 

geopqhic. cstrn t aiicl of very short duration. 
intensity, tlicy we, nevertlicless, of extremely K oca1 
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NOTE ON THE CRUSHING OF A COPPER TUBE BY 
LIGHTNING. 

By K. J. IImrmRn-s. Prof,fcssor of Xeteorolijgicnl Physics. 
[Dat?ol: K p s t i s r  l:ur,.;io, iYa?iiii:gtn!i, 11. (’., : q , t .  1, 191G.I 

Zntrod~(c~lon.-~thougli the collapse of a hollow light,- 
ning rod under the stress of it hmv- clisclinrge has already 
been describcd and esldained.l t.he phenomenon appears 
to be of uiiusnnl occurrence nncl not, very generitllg known. 
It niny, therefore, be wort.li while to discuss in some 
detail m esrrllent example of a crushed lightning con- 
ductor kindly funiisliled for t,liis piirpose by Mr. West 
Dodd, of .Des Mcines, Iown. 
In n letter dat.cd April 5, 1015, ah. l~odcl, referring to 

the coduct.or in question, Sitys : 
Thr rriisliecl till-c \v:w 5 E t A e t .  hiiu:. 11, ci>iistitnt.ed the entire part t.lint 

st:tnqIs on t.11) rif  11ir IIOLIW for t.he jioiiit. 
Tliv res1 of the rod ~ ‘ 3 8  I.l.liJper cni .le iund :d nuut. 50 to 100 feet of that 

was vritdiwl i11t1.i m d l w  .\.oli?:iie ur made smiller in diameter. : ~ q  it m a  
lou~elg woven. 

Thin hqJplm?fl i:i Xil-.liig:?zi :i!.n!!t. six y ~ w s  ngo. and the home ma 
uot diiinipd my-iiclt e\-m a splinter t.almi off. 

Similar plicii~~rnei~ 1 . d  this kiiid Iiiwe orctwred in four or five instancee 
to r a y  !ailwlecl;.e, i ~ t .  iii the p : i t  xmjij’urity of cases where a point ie 
nit. 1 h l  ihc tu: C‘ is riot d : m : i ~ ~ : L I .  

An addi tionnl reason for discussing t;his particidar 
esniiiple of the cfl’ecl; of the “ pinch phenonienoii” a is 
the fsct that it offers clnta suf€icient for m:rking a rough 
estiiiinte of the current, strength of t,he discharge, and 
even n crude estimate of the quantity of electricity 
involved. 

Discription of rotiductor.-Ii’iaure 1 shows two origi- 
nally duplicat,e (so rcport,td), Lollow-. copper li-htning 
rods, one uninjured (nercr in use), the other cruaed by 
R discharge. Tlie uninjured rod consists of two parts, 
shown assembled in i<gurc 1 and separate in .figure 3. 
The conical cap, iiicld plated to avoid corrosion, tele- 
scopes snugly over the top of the cylindrical section, and 
when in place, whore it is left loose or unsoldered, be 
conies the ordinary discharge point. 

The cliniensioiis are : 

Section. 

~~ ~ 

.................................................... 
................................................. 

Cylinder.. 
Con+? Shnllli.. 

Length of conic.al cap, cylindrical portion, 7 cm., total, 
19 cn1. 

Both the cylindrical and the conical portions of the 
rod are securely brazed dong sqiimc joints. 

E#ccts of dieclLnr~/f.--‘l’hn generd effects of t,he dis- 
charge, most of which nre obvious from the illustrations, 
were : 

1. One or two c.enti1netei.s of the point were melted 
Off.  

~~ 

1 Pollock 8 Barraclough. Jniu.-Proc., Xny. SIJC., N. S. Walt-s. 1905, Sg: 131. 
I For tin’ origbi ~1 thk term, ilowwiclely oseh. md a gcnrrnl ~.Li;cussio:i of the pllenome- 

noli, see Norfhrrcp, Phys. Rev., 1307,W: GI; Tram., Amw. electrorhem.soc., 1903,U: 
303. 
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FIG. 2.4riginally duplicate hollow cp~rh~~,l$ning rods shown in figure 1, but no l.-Originslly duplicate hollow copper li htning rods. 
e; rod on the right crushed %y a lightnmg 
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2. The conical portion of the top piece and all the 
cylindrical rod except the up er 2 centinieters, roughl~7, 
within the cap were opened Jong tlie brazed joint,. 

3. The brazina solder appears to liare been fused and 
nearly a11 volatzized, as only patches of it reiiiniu here 
and there along the edges. 

4. The up er end of the cylindrical rod was fused to 

5. The rod was fused off where it. passed t,lirough n 
staple. Whether a bend in t,he conductor occurred a t  
the place of fusion is not st&ed. 

6. The collapse of the cylindrical rod esteded 111) iEboUt 
5 centimeters into the cap. 

7. The cylindricnl portion of the cap. nhout 7 cei1t.i- 
meters in lengt,li, was uniiijured; e ~ c n  tlic brazing mns 

the cap just 1 elow its conical portion. 

left in place. - 
Cmse o eobl~i~ae.-What force or forcas caused t,lie 

collanse o f the rod? Possiblv it inidit occur t,o nianv 
that *it was produced by t,lie"rsactioii prcssi~re from ah 
esplosiodike wave in t,he at~niospliere, due t.0 sudden and 
intense heating. But however plausible this assuniptioii 
may seem a t  first, there, nevei-tlieless, are serious objec- 
tions to it, some of which are: 

1. V'hile esplosioiis wit.11 their consequent, pressure 
may be obtained by passing n owerfiil currant dong n 
conductor, they semi to occur on I; y on the sudden d a t i l i -  
zatioii of the conductor it.self, which in t,liis cnso did not 

3. The 1ieat.ing of the air incloscrl 1 ) ~ -  i h  rod s1u:)ulcl 
liare producncl :I )r(ssure froin mihiii iiiort! or loss 
iionrly equal to tile pressun! simillt,~i.iinous!y~ cnusnd 
froni without, nncl t hercbg h:~w c i t h r  prvvciit.cd or k t t .  
h s t  rrront,ly reducccl bhc? c.oil:tpsu. 

3. h e  assumpt,ion tliat, t~li+ crusliiiig of tlie coniIur:t.or 
was due to imiss iiic?rt.in of t.hc snclilenly hcntctl nir 
offors 110 solut,ion wliat.cvc?r of tlic collnpsc of tho port4oii 
of the rod within the sliniili of tho cap. 

For these reasons the idea t,hnt. t,he c~ollq~se. of t,lw c.oii- 
ductor may have been cnusecl by t,he re:iction pressure! 
of an esplosion mn.vo in the t~tniosphiw ilui. t.n suildi:n 
heitting, seems to hc u1itniii\b!e. 

Probably tho esp1:ui:ition of t,he collapr! drt.:trly 
offerod by Pollock and Bnrraclougii at li!:ista iiivolvcs :ut 
im ortant fnct.or, if it is not w-holly corrwt. It. is ILS 

fo lr o m :  Encli 1ongitudin:tl !ibur, 21s it w m ~ ,  of tlic? con- 
ductor attract,ed ewry o t h r  sucli fiber t,liroiigh t.he 
intertdon of the impitetic fickls dun t.o t,licir ~z~spcc- 
tive currnnts, and t,he rlmdt.ing iiiag.nobic sc~uc!czc? on t,lic+ 
hollow rod, whose \vnlls wnm x-(!iilx~iiod by tht? 1ii.iii.iiig 
of tlic currtmt, caused it! to collnpse as sliinvii in ligurc:~ 
1 nticl 9 op osite. 

As is w$l hiowii t,he forctt .f' in dyms pcr ccntimobor 
length, with which n st.raigltt wire c:itr1:\-illg 8 current, of I 
nniperes is urged t i t  riglit. iiiigk!~ to t;hc (lirwtion of tltc 
lines of force of n uniform mibgnotic ficld of intcmity 11, 
is given by tho oquatioii, 

take place. 

j L a .  If. 

Also the rdlnc of I I  at a point r cc!ntinict.iw ilist.nnt froin 
IL relatively very I i q  straight conduct,or urrying I mu- 
prw, is given by the rchtioii, 

QI 
lor' 

Hr= 

Now, ns dereloped by Xorthru in t.hc theory of his 
hcnvy-currivitv amiii(!t(!rs : lots ri ,  f&iir,! 3, bc t h  out.nr 

and 6 the inner radius of a tubdm conductor, and let 
T be tho radius of mi intermediate tube of infinitesimal 
thickness, dr. Also i t  the conductor as n whole carry 
n uniforidy distributed current of I amperes. Then 
thc \-due of tlie magnetic force, ut the eiid of the radius 
T ,  is given by the equation 

2I(? - 6 9  
10r(d - b2) ' Hr= - 

which cltpnds upon the. fact that only those portions of 
t r h  curreiit, less t h i i  r distants from tlie asis arc effec- 
t,ivt?--tlic! fc Jrws duc t.0 the outor portions neutritlixin 

by t.hc cyliiidcr of radius P' :md of infiiiitcsind thichiesa 
t7r, is giwn by tho rdntion, 

c d t  otlic!r. Also the strc~ngth o€ the curri.nt dZ, citrrie f 

FIG. %--Seetioil of a tubular conduccor. of oiiter radius n and inner radius b; r, radius of 
m y  jiilcrmrdi:r!c tuheofirifliliiesimd thlckness, dr. The conductorasawholecerrlea 
~1 unifurmly distribuled current ol I ampere3. 

Hence under the assumed conditions, tho normal pres- 
sure, t7P, per unit area on the cylinder of radius T and 
thickness, dr, insy be determined by the equation, 

3lrdr 21(?3 - b y  dP=------ 
2rrlo(uz- P) i 0 r ( n 3 - ~ ) '  

I-Ience the total normal pressure, P, pef squnre centi- 
met.i?r of the inner surface is given by integrating the 
: h o w  expression between tho limits b and a. That is: 

a'rrans., Aiier.  elwtruchcm. we. lWY, 18.303. 



Substituting for a and b their numerical values, 0.8 
cm. and 0.7325 cni., respectively, it is found that,, 

P 
379.1 

p= --. 
If we assunie P, t,lie pressure in dynes per square ceii- 

t.imct.er of tho inner surface to be lo8 or approsiniat,ely 
one atniosplicro, then I = 19,470 alii ems, t-,lJ1JmSinlatdy. 

density ~ o u l d  be greatost in the outer portions of the 
conduct,or, xnd tlicreforo t,he totitl current. would hare 
to be st.il1 hciiricr than t.he above comput.ed ralue to 
produce the assunied pressure. Howevor, it seems 
pIobable t,hct, t,he discharge is unidirectional and not 
nlt~~rnating,~ and t.lierefore that, tlic computed stren th 
of currtmt, though of mininium value, IS substantia 5 y 
correct. 

I+fimcc.ted cAiL1'gc miid str~ngtli qf citrrmt.-To deteriiiine 
t,he aniount of elcctricitv inrolved in a lightning dis- 
charge i t  is necessary to know both it,s duration and t,he 
avernge st,rengt.h of current,. Bot:li fact.ors and, there- 
fore! the total charge are known t.o Tary greatly, t>liough 
actual ~iieasureni~nts have been comparatively few and 
even t,liese, 21s a rule, oiily crudely np rosininte. 

It, has oft,en been stat.ed t,liat t.he c B umtion of x single 
discharge, or single coniponent of ti  niultiplc discli~trge, is 
not niore than 1/1 ,O@O,OOO of a second. boiiie have coin- 
puted a duintdon of roughly l / l O U , O O O  of a second, while 
ot.hcrs liare estiniated t-liat it can not, be greater than 
1/40,000 or, a t  niost., 1/35,000 of a second. Possibly 
ninny dischurges are as brief as sonic of these estiniatos 
wodcl indicat,e, but tliere is ample reason to believo tlint 
ot,hers me much longer. Thus one occasionally sees a 
streak of li,phtning t.liat lasts fully half a second wit,liout 
npparent flicker, while more or less continuous or ribbon 
discharges are often photqgnphed bv moving cameras. 
But in addit.ion t.0 these evidences we hare also a number 
of time nie~urenients made by Rood with a rotating 
disk, ranging from less t,linn 1/1,600 second up to 1/30 
second, antl otiinra, 3s in all, by De Blois with an oscil- 
lograph, r:ri?ging from 0.0003 second to 0.001 6 second. 
J n  one case L:G Blois found the durations of five sequent 
discharges to he 0.0005, 0.0015, 0.0016, 0.0014, and 
0.11012 second, respectively, or 0.0062 second as the sum- 
niation time of these principal coni oiients of the total 

tinin of a complete discharge, that is, the sun1 of the 
t h e s  of t.lic: several components, niay occasionally 
amount to  st, lenst 0.01 second. 

The secoiid fact,or, tlie strearnth of discharge, is even 
more difficult, to determine, an$ but few est,imates of i t  
have boon inailn. Pockels,' adopting the ingsiiious 
method of measuring the residual iiiagnet.isiu in basalt 
near a plnco struck by lightning and comparing these 
quantit,ies with those siinilarly obtained in the laboratory, 
concluded tlint t,he ninximum stz-ength of current in such 
discharges aniouii t.ed occasionally to a t  least 10,000 ani- 
peres. However, tho loss of magnetism before the meas- 
urc3meiit.s wero ninrle! and othur unavoiddile sourccs of 
error, indicat,c that t.he actual current strea th w-as much 
greater than the c?st,iiiiated due-that  t k ie iuasiruum 
strength of a h o a ~ v  light.ning discharge cwt,ttiiily niiiouiits 
to many thousands of ani ores, occasionaIly perliaps to 

If tlie lightning discharge were a F tcrn:hig tlic current 

discharge. Hence it secnis proba 1p le tliat the actual 

even one hundred tliousan R . 
4HurnpArr~s. YONTIILT WEATITER REVIEW, June, 1914, 42: 3i7. 
iUar!m. idem. Augiist. 1914, p. 499-501. 
bAmQr. 'our. sei., U i 3 ,  6: 163. 
Wroceehngs 4m mst. elec. eng.. 1911.88: 50% 
1 A m a h  d.' Phis., 117, 68: 195; IRW, 65: 458: Met. Ztsrhr., 1698. 16: 41; Phys. 
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8 MerrsureJ by the U. S. Bureau of Standards. 
9 Norlkrsp, Jour. Franklin inst., 1914,177: 15. - ., ____, -. --. 

Since the above estimates are very rough it would seem 
well to check thsiii, even though the check itself be 
equally ciudo. IIonce i t  imy be worth while further to 
c ~ i i s i d ~ r  the crushed lightning rod with this particular 
ohjwtr in view. 

Froai tho iliiiionsions of this rocl, out.sicle diameter 
1.6 cni., inside dianieter 1.465 ciii., it  follows that it,s 
cross-sectional area is tibout, 0.335 sq. mi., nnd its weight, 
therefore, approsini:tt.ely 2.9 griinis per ccnt,iniet,er. 
Furthor, from the fact that the braztid joint was opened 
and most, of tlio solder rcmnvecl-appnrent.ly volatilized- 
antl the further fact that, t.lie conditiciii of t.he rocl it,solf in 
sc-rmil places indicates incipient fusion, it wodd seeiii 
t.hnt the final tmqmsturc inny have been roughly 1,050' C. 
If so, the rod iiiust have hccu heat,t:rl iilliout, 1,025' C., since 
its t cniperature just before being struck probably was 
approxiiiiat,ely 35'C. But t.hs average specific. heat of 
coppw over this temperature range is roughly 0.11, and 
thurcforo about 337 calories per centiiiieter were gen- 
erated. 

Now one ampere against one ohm gencrat.es 0.21 cal- 
orins lwr second. Hcnce, since t,he resistmice of the 
uninjured or check rod is pract.ically that of pure copper, 
t.he areztge resistance of tho crushed conduct.or over the 
assumed t,einperature range robably was about. 17 
microhim per centhcter lengt f iJ9 we hare tlie ecpation, 

n r  * c I  
23 I/  -I=--6 1337, 102 106 

in which I is the merage st,rengt,li of current., and 1 the 
actual tiim of discharge. Assuiiiiiig t -0.01 second we 
get, roughly, 

I= 90,000 amperes. 
A current of this average value would indicate a masi- 

iuum -due of perliaps 100,000 ampores. 
It mas computed above that a current of 19,170 am- 

peres in the given hollow conductor would produce on it 
a radial pressure of 10' d nes per square ccntirneter or 
about one atmosphere. Hence 10@,000 aiiiperos would 
give :i pressurc of 2638 X lo' dynes per square centimeter, 
or approximntely 400 pounds per square inch; enough, 
presuiud)ly, to produce the crushing that actually occurred. 

A current of 90,000 amperes for 0.01 second would mean 
900 coulouhs, or 37 x lo1' olectrostatic units of electricity; 
cert ainly an cnornious charge in comparison with labora- 
tory qum ti t ies, but af tar d a surprisingly siiinll amount 
of eloctricity, since it would electrolyzz only O.OS9 of a 
gram of water. It niust be clearly ke t in mind, how- 

at most they only tend to confiriu certain previdus esti- 
mates in regard to the lightning discharge, namely, that 
in some cases the strength of current prohnhly amounts 
to iiia~ly thousads O€ amperes, a~id thitt the total dura- 
tion of the individual or partial discharges may be several 
thousandths of a second. 

ever, that these cst~iinat~es aro esceeding P y rough and that 

A NOTE ON THE R~LATION OF CLIMATE TO AGRICUL- 
TURE IN CALIFORNIA. 

By ANDREW FI. PaLarER, OLaerwr. 
[Dated Weather Bureau, h n  Frmcisco, Val., An$. 1,1915.1 

It has been rminrked that in the climatic conditions 
aff ecting agriculture California shows an epitome of the 
whole Unittd States, with added climatic chitractem 
pecdiinly lier own. Inclced the st&miont might have 


